Modifications to the incubation conditions used to study the effect of genital fluids on the metabolism of ram spermatozoa have been shown to affect the parameters measured.
INTRODUCTION
Many recent reports have examined the effect of fluids from the female reproductive tract on the metabolism of spermatozoa (Olds and Vandemark 1957; Williams 1963, 1964; Kirton and Hafs 1965; Restall and Wales 1966; Wales and Restall 1966; Foley and Williams 1967; Murdoch and White 1968) . The effects reported have varied in some cases. For instance, Restall and Wales (1966) using fluid from the oviduct of the ewe found that generally the fluid depressed oxygen uptake of spermatozoa but enhanced glycolysis. Williams (1963, 1964) and Murdoch and White (1968) using oviduct fluid from the rabbit have found that the oxygen uptake of spermatozoa is enhanced by the fluid and have proposed that the stimulation is due to the bicarbonate content of the fluid. Wales and Restall (1966) could not demonstrate any effect of metabolic bicarbonate on the respiration of ram spermatozoa incubated in genital tract fluids.
While species differences are likely to occur, other factors may be responsible for the differences in these studies. For example the conditions under which metabolic studies are carried out vary from laboratory to laboratory thus making comparisons difficult.
This paper reports some experiments designed to study the effect of varying incubation conditions on the metabolic response of ram spermatozoa incubated in fluids from the genital tract of the ewe.
II. MATERIALS AND METHODS

(a) Genital Fluids
Fluids secreted by the fallopian tubes were collected as previously described (Restall 1966) .
In all experiments the sample of oviduct fluid was obtained by pooling collections from at least four ewes, although fluids from different ewes were used in different experiments. Cervicovaginal fluid was obtained by aspiration from the vaginae of ewes in oestrus and pooled before use. Uterine fluid was collected from ewes with cannulated uteri and pooled samples from at least four ewes were used.
(b) Semen
Ram semen was collected by electrical stimulation and only ejaculates with good initial motility were used. After collection, the spermatozoa were washed twice in the appropriate isotonic buffer-saline diluent. One volume of semen was diluted to 10 volumes and centrifuged at 200 g for 7 min. The supernatant was then removed, the spermatozoa resuspended, and again centrifuged. After removing the second supernatant the spermatozoa were resuspended in the diluent to give an approximate concentration of 3-6 X 108 cells per millilitre except where specified.
(
c) Incubation oj Semen
Five experiments are reported. In the first four, spermatozoa were incubated at 37°C in standard Warburg flasks in the presence of one of the genital fluids. Flasks were made up with aliquots of oviduct fluid (considered to be isotonic) and sufficient incubation diluent to give a final volume of 1· 0 ml.
The incubation diluents consisted of buffer at the required molar concentration, substrate, and sufficient sodium chloride to make the particular diluent isotonic. Incubation diluents were prepared for each experiment and, where bicarbonate buffer was used, a particular diluent was prepared for each genital fluid in accordance with the measured bicarbonate content of that genital fluid. In each case tonicity was maintained by addition of the required amount of sodium chloride. Thus, no further adjustments to tonicity were required when all the contents of each Warburg flask were placed together. Control flasks had the genital fluid replaced by an equal volume of 0·9% (w/v) sodium chloride. In the fifth experiment, incubation was carried out in small test tubes in a water·bath at 37°C, with those tubes containing bicarbonate being maintained under an atmosphere of 5% carbon dioxide in air. Precise experimental details are given in Section III.
(d) Analytical Methods
After incubation, protein-free extracts were prepared by precipitation with equal volumes of 0'3N barium hydroxide and 5% (w/v) zinc sulphate. Glucose and lactate content of the extracts were estimated by enzymic methods (Barker and Britton 1957; Huggett and Nixon 1957) and fructose content by the method of Mann (1948) as modified by White (1959) .
(e) Statistical Analyses
All results have been subject to standard analyses of variance, which are presented in summary form in the tables, giving only the number of degrees of freedom and the variance ratios for each source of variation. In all cases the mean square for ejaculate interactions has been used for tests of significance.
III. EXPERIMENTAL DETAILS AND RESULTS
(a) Experiment 1: Effect of Dilution of Oviduct Fluid on the Metabolism of Spermatozoa
Three samples of oviduct fluid were added to Warburg flasks to give a final concentration of 1:2,1:4,1:8, or 1:16 of oviduct fluid. Each Warburg flask contained an aliquot of oviduct fluid, 20 mM phosphate buffer (pH 7· 2), lO fLmoles of glucose, and 0·3 ml of spermatozoal suspension. Duplicate flasks were prepared, 0·1 ml of [U-14C]glucose being added to one and 0·1 ml of [1-14C]lactate as carrierfree isotope in O' 9% (wjv) sodium chloride to the other. The oxidation of these two substrates was calculated by radioassay of the trapped carbon dioxide and measurement of the specific activity of the two substrates as previously described . Two ejaculates were used with each sample of oviduct fluid and the flasks were incubated for 3 hr at 37°C. 
Summary of the analyses of variance
Variance Ratios Degrees The results of this experiment are given in Table 1 together with a summary of the analyses of variance. These results show that at the higher concentrations of oviduct fluid the oxidation of substrates by the spermatozoa was depressed, but that the effect disappeared as the fluid was diluted. On the other hand glycolysis was always enhanced, as compared with the controls, even at a dilution of 1: 16. Overall differences were found between samples of oviduct fluid but the responses were linear in all cases. A dilution by fluid interaction was present for the oxidative parameters, two samples of fluid having a higher oxidative response than the control at the 1: 16 dilution, the other being below the control.
The glycolytic response was linear over the range of dilution and at all dilutions of fluid was higher than in control incubations.
(b) Experiment 2: Effect of Dilution of Spermatozoa on their Metabolism in the Presence of Oviduct Fluid
Washed spermatozoa from two ejaculates were added to Warburg flasks such that a final concentration of either approximately 1 X 10 8 or 4 X 108 cells per flask was obtained. Each Warburg flask contained 0·3 ml of oviduct fluid, 20 mM phosphate buffer, 10 fLmoles of glucose, and 0·3 ml of spermatozoal suspension. Duplicate flasks were prepared. 
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The results are shown in Table 2 together with a summary of the analyses of variance. Again the results show a depression of oxygen uptake and an enhancement of glycolysis when oviduct fluid was present. In flasks containing oviduct fluid, both oxygen uptake and glycolysis were greater at the dilute spermatozoal concentration. On the other hand, in control flasks, the metabolic response of the spermatozoa was greatest at the high concentration of spermatozoa.
(c) Experiment 3: Effect of Phosphate, Tris, or Veronal Buffer on the Metabolism of Spermatozoa Incubated in Oviduct Fluid
Ejaculates of semen were divided into three portions and each portion washed with either phosphate, Tris, or veronal buffer at pH 7·2. The washed spermatozo(1 (1-2 X 108 cells per flask) were added to Warburg flasks containing O· 3 ml of oviduct fluid, 10 fLmoles of glucose, and the appropriate buffer to a final volume of 1·0 ml. The final concentration of buffer in each flask was 20 mM. Five ejaculates were used representing five replications of the experiment. 
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The results (Table 3) show overall effects similar to those noted previously when spermatozoa were incubated in tubal fluid. However, the oxygen uptake of the spermatozoa in the control flasks was highest in Tris and lowest in veronal buffer.
In the presence of oviduct fluid this ranking was altered, the uptake of oxygen by spermatozoa in phosphate and Tris buffers being more nearly equal. While the amount of glucose utilized by the spermatozoa was not affected significantly by the type of buffer used, significant differences were apparent in the amount of lactate accumulating (veronal = phosphate> Tris).
(d) Experiment 4: Effect of Fructose and of Glucose on the Metabolism of Spermatozoa Incubated in Oviduct Fluid
Aliquots of washed spermatozoal suspension were incubated in Warburg flasks for 3 hr under aerobic and anaerobic conditions in the presence of oviduct fluid in 20 mM phosphate buffer (pH 7·2) with either glucose or fructose as the added substrate. For anaerobic conditions, flasks were flushed with dry nitrogen for 10 min at the start of incubation. The flasks, of 5 ml capacity, contained 0·3 ml of spermatozoal suspension (1-2 X 10 8 cells per flask), 0·3 ml of oviduct fluid, and 0·2 ml of an isotonic diluent containing 10 fLmoles of the substrate. Duplicate flasks were prepared and two ejaculates were used as replications. This experiment again demonstrated the depression of oxygen uptake and stimulation of glycolysis on spermatozoa when incubated in oviduct fluid (Table 4 ). The type of substrate used, fructose or glucose, had no effect on the results.
In the saline controls the amount of carbohydrate utilized was considerably higher under anaerobic conditions than under aerobic conditions. However, in the presence of oviduct fluid this Pasteur effect was abolished.
(e) Experiment 5: Effect of Phosphate or Bicarbonate Buffer on Glycolysis of Spermatozoa
Incubated in Fluids from the Genital Tract
Incubation of washed spermatozoal suspensions was carried out in small test tubes contajning 0·3 ml of either cervicovaginal fluid, uterine fluid, or oviduct fluid in 1·0 ml of either isotonic phosphate buffer (20 lllM, pH 7 ·3) or bicarbonate buffer (13' 5 lllM, pH 7·3) at 37°0 for 6 hr. The bicarbonate content of the tract fluids was determined manometrically and the final concentration of bicarbonate in the incubation mixture adjusted to 0·0135M. Tubes containing bicarbonate buffer were incubated in the presence of a gas phase containing 5% carbon dioxide. Each tube contained 15/Lmoles of glucose. Glucose utilization was determined at the end of the 6-hr incubation period. Seven ejaculates of ram semen were used, each being split and washed in the appropriate buffer before being added to the incubation mixture. The final concentration of spermatozoa was 1-2 X 10 8 cells per tube in a volume of 1'0 ml.
The results are summarized in Table 5 . All the genital tract fluids were observed to enhance glucose utilization when compared with the controls, oviduct fluid having the greatest effect. However, the type of buffer used modified the magnitude, but not the direction of this effect. In flasks containing bicarbonate buffer, glycolysis was enhanced in the saline controls and in cervicovaginal fluid while being depressed in uterine and tubal fluids when compared with phosphate buffer.
IV. DISOUSSION
In earlier reports incubations were performed with phosphate as the buffer, with a 1:3 dilution of genital fluid, a spermatozoal concentration of 1-2 X 108 cells per flask, and glucose as the added substrate. The experiments described in this paper show that the magnitude of the metabolic response can vary if some of the incubation conditions are changed.
Altering the concentration of spermatozoa had significant effects. With high concentrations a greater difference between oxygen uptake in saline and in tubal fluid was observed than if lower concentrations were used. In the case of glycolysis, a greater difference between saline and tubal fluid was observed with low concentrations of spermatozoa. Similar effects have been noted elsewhere. O'Shea and Wales (1965) , using sorbitol as the sole substrate, observed that an increase in concentration resulted in increased oxidative metabolism and a decreased anaerobic sorbitol dismutation. With fructose as substrate, Wales and O'Shea (1966) noted higher oxygen uptake with increased spermatozoal concentration. Hamner and Williams (1964) showed a maximum stimulation of respiration of spermatozoa incubated in oviduct fluid from the rabbit when the fluid was diluted 1: 6. At higher dilutions the stimulation was sharply reduced. Murdoch and White (1968) , however, found a linear response of oxygen uptake of rabbit spermatozoa in tubal fluid over a dilution range from 1: 3 to 1: 9. While oxygen uptake was variable in the present experiments, glycolysis was always enhanced in tubal fluid, even at dilutions of 1: 16. As these experiments were carried out in the presence of potassium hydroxide, the effect is not likely to be due to the bicarbonate contents of the fluids. Williams (1963, 1964) and Murdoch and White (1968) are of the opinion that bicarbonate in oviduct fluid from the rabbit stimulates the respiration and glycolysis of spermatozoa. Foley and Williams (1967) , while finding an increase in respiration due to bicarbonate, conclude that other stimulants to spermatozoal respiration are present in the tubal secretions of the sow, ewe, and rabbit. Reports from this laboratory Wales and Restall 1966) have not demonstrated a stimulus to the respiration of ram spermatozoa in the presence of oviduct fluid. Thus it seems likely that a species difference is present. Further evidence of differences between species is furnished by the fact that Murdoch and White (1968) found no Pasteur effect in rabbit spermatozoa, while ram spermatozoa exhibited a distinct Pasteur effect (see experiment 4) which was abolished by tubal fluid.
Although both Tris and veronal buffers may affect cellular function (Quastel and Wheatley 1933; Omachi, Macey, and Waldeck 1961) , they have been found suitable for use in semen diluents (Blackshaw 1953; Wales and White 1958) . In the present experiments, the choice of buffer influenced the magnitude of both the respiratory and glycolytic response of the spermatozoa. In particular, bicarbonate buffer appeared to enhance glycolysis in the saline controls and depressed it when uterine and tubal fluids were present. This had the effect of greatly reducing the magnitude of the stimulation to glycolysis afforded by tubal fluid, when compared with spermatozoa incubated in phosphate buffer.
The relative greater sensitivity of the saline controls to changes in incubation conditions is also illustrated by the amount of lactate formed from the glucose utilized. In saline controls the ratio of lactate formed to the glucose utilized varies between 1·5: 1 and 2: 1 depending on the buffer used. With flasks containing tubal fluid there is quantitative conversion of glucose to lactate irrespective of the buffer used. Thus tubal fluid appears to have a stabilizing effect on the incubation medium such that changes in conditions do not have as pronounced effects as are observed in the saline controls.
The experiments reported here demonstrate that modifications to the experimental conditions have significant effects on the reaction of ram spermatozoa to the presence of tubal fluid. However, under a variety of experimental conditions, a depression of respiration and a stimulation of glycolysis consistently occurred whenever ram spermatozoa were incubated in significant amounts of tubal fluid. At the same time, dilution of fluid or changes in the conditions of incubation modified the magnitude of these effects.
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